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Measuring Ohms
What Meditation Does to Your Brain
By Samantha Montoya

Meditation,
or
various
forms of calming the emotions
through focused thought, has been
practiced since antiquity. But why is
this practice so popular? And how
can sitting still and concentrating
physically change our brains?
It turns out that the practice of
meditation can cause beneficial
changes in mood, decrease the
natural shrinking of the brain that
occurs with aging, increase levels
of neurotransmitters associated
with peace and well-being, alter
the connections between different
brain regions, and even increase
the ability to fight off viruses.

What is Meditation?
A Brief History

Meditation is a means of
relaxing the mind and body to
find a state of calm. The English
word meditation comes from the
Latin meditatum, which means
to “ponder”1. Meditation often
involves clearing the mind by
focusing on a mental image, saying,
object, or the body. Unlike resting,
meditation is an active process, by
which the meditator concentrates
on relaxation and peacefulness
rather than letting their minds
wander. Mediators generally sit
cross-legged on the floor or on a
cushion with the hands resting on
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the knees. There are also meditative
forms that incorporate yoga and
other physical movements/stances,
but the lotus position is one of the
most common and basic meditative
pose, and is the one I have chosen
to focus on in this article.
The practice of meditation
is difficult to track because it was
largely passed down as an oral
tradition, however meditation may
have been part of shamanistic
practices to heal the sick as early
as 200,000 years ago1. The first
documentation of meditation is
from cave paintings in India dating
back to around 5,000 BCE, which
depict human figures in meditative
positions1.
The
first
written
description of meditation is from
when the Vedas, or ancient Hindu
scriptures, were transcribed onto
paper. Hindu meditation was also
adopted by the Buddha around
600 BCE, which spread meditative
practice with the expansion of
Buddhism to northeastern Asia1.
Meditation was also practiced in
Jainism, Taoism, and Confucianism
in the East, and many forms
of practice began to branch
off1. While most of us associate
meditation with Eastern cultures,
meditation began to spread west
as early as 330 BCE, when Greek
philosophers adopted meditative
practices introduced by yogis and
sages from India1. This was largely

made possible by Alexander the
Great’s military voyages to India in
327 BCE.
With the rise of Christianity
in the West, meditation became
less prominent, although some
forms of prayer, such as the
Hesycham
Christian
tradition
employed meditation techniques1.
Jewish sects also developed their
own forms of mediation, such as

Avalokiteśvara sitting in meditation
from CC
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the Kabbalah tradition1. Meditation
became an intellectual topic rather
than just a spiritual practice in the
1700’s when many Eastern texts
were translated into European
languages. In the United States,
mediation started to gain popularity
in the 1800s, and scientific studies
of mediation first began in the
1930s. In present day, meditation
is increasingly being adopted by
western cultures to deal with the
amplified stress associated with
the modernized world. Given
meditation’s long history, it is not
surprising that there are a vast
number of forms of meditation, but
I will limit this article to consider
the science behind meditation that
is practiced without movement—
simply sitting still and engaging the
mind.

Evolution, Stress, and
the Brain:
Why should we meditate?
Unfortunately, the very
mechanisms that we evolved
to stay alive continue to cause
stress in the absence of the lifethreatening concerns that plagued
our ancestors. In order to survive,
all animals, including us, attempt
to maintain equilibrium, or a state
of balance. For example, we avoid
excess heat or cold by sweating or
shivering. Our brains also help us
preserve equilibrium by sending
off “alarms” whenever the body
perceives a threat. For example, if
you see a centipede crawling up to
your feet, your brain will probably

A Short Guided Meditation
Sit on a cushion with your legs crossed, or in a chair if
that is more comfortable. Keep your back straight, and close
your eyes. Bring your awareness to your body, starting from
the feet all the way to the top of your head. Try to relax all your
muscles as you think about each part of your body, yet keep
your back, neck and head tall and strong. Go as slowly as you
need, and return to tense areas if necessary. Now focus on
your breathing. Take deep, even breaths with your diaphragm
rather than your chest. This helps activate the parasympathetic nervous system, which will help calm you. Focus on the
breathing, and as thoughts pop into your head, let them drift
away. For example, when your mind starts wandering to the
things you need to get done, or a pain in your back, try not to
react to the thoughts and instead let them pass. Return your
focus to your breath when you notice your thoughts drifting.
Be patient with yourself and don’t become frustrated if you
have a difficult time at first. Meditation takes lots of practice.
Eventually, it will allow you to notice when you have emotional reactions to inner thoughts, and you can practice letting go
of those emotions as well. With practice, you can carry into
daily life as well, beyond the practice of meditation.
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send you a signal to get away
from the centipede as quickly as
possible. A brain network called
the limbic system helps initiate the
fight-or-flight reaction when we
are potentially in danger, while the
prefrontal cortex inhibits arousal
and calms us2. Too much of either is
detrimental, but a balance between
the two is crucial to survival.
Our brains have the incredible capacity to physically change
in response to experience; without
this ability, we wouldn’t be able
to learn from our mistakes. If you
eat a red berry in the woods and
it makes you sick, you need to
be able to learn not to eat those
particular red berries in the future.
The brain is constantly adapting
to our experiences on molecular,
cellular, and even structural levels.
This means that the activities we
engage in have the capacity to
change our brains, and ultimately,
our perceptions. A famous example
of this is the enlargement of the
hippocampus—a region highly
involved in memory formation—
in London taxi drivers. This
experiment predated the GPS,
meaning that London cabbies had
to memorize over 60,000 streets in
a six-mile radius2! The amount of
memories that these taxi drivers
made and retrieved on a daily
basis required more brain matter,
and their hippocampi expanded to
accommodate those demands.
The flexibility of the brain
helps us learn to avoid or accept
opportunities. Regrettably, the
brain is much more sensitive to
negative experiences than to
positive ones2. For example, fear
and unpleasant experiences teach
us to avoid negative consequences
with greater priority than seeking
out opportunities. We also recall
negative events more easily
than positive ones, which can be
detrimental to our relationships and
mental health. While we can see how
this was an evolutionary benefit,
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Meditation Tip:
When you’re stressed, try picturing a place where you feel calm and
happy. Pick a place that you can recall well and conjure the image of
that place in your mind. Focus on the details as you scan the scene.
More than fifty percent of the surface layer of the human cortex, or
the outer layer of the brain, is devoted to processing vision2. This dedication to vision can be used to your benefit; concentrating on visual
imagery can help silence verbal thoughts.
it makes non-life threatening
negative events, such as a fight with
a family member, more memorable
than the time they made you
dinner when you were sick. Most
of the worries we have about the
future and past are due to our
internal thoughts. A region called
the superior prefrontal cortex is
responsible for playing tiny movies
in our heads. It reenacts past
events and allows us to simulate
future events2. It’s clear how this
was an evolutionary advantage as
it helped our ancestors determine
the best course of action to take
in situations that might arise, but it
can also cause considerable stress
concerning affairs that haven’t even
happened! Visualizing events takes
us out of the present moment,
heightens our expectations to
unattainable heights, and replays
painful events, thus strengthening
the connections that are formed

from bad experiences2.
So that’s depressing. Luckily,
the silver lining is that the flexibility
of our brains means that we can
also train ourselves to create more
positive associations and physically
change our brains just through
practice.

A Mood Boost
Without Moving
One of the primary uses of
meditation today is stress reduction,
but how much better is meditation
than simply taking a break? Dr.
Elissa Epel, at the University of
California in San Francisco, set out
to answer precisely this question.
Her lab found that meditating
reduces stress more than vacation3.
Participants were taken to a resort
to relax for a week (sign me up!).

A group of the participants were
taught meditation, and engaged
in daily practice during their week
of vacation. Dr. Epel found that the
weeklong relaxing vacation alone
reduced depression and stress by
the end of the week, but adding
meditation reduced stress and
depression for a longer period
of time. The novice meditators
showed improvements ten weeks
after the vacation, while the nonmeditators’ anxiety and depression
scores returned to the levels they
were at prior to the vacation3.
The use of meditation as a
treatment for psychological distress
is not a new concept, however.
Psychologists adopted meditation
around the 1970s as a means of
alleviating anxiety and depression.
It is often used in combination
with therapy to provide patients
with mechanisms that help them
cope with stress. These methods
allow the patients to feel a sense
of agency to combat the common
feelings of loss of emotional control
that accompany depression and
anxiety4. Antidepressants are often
a necessary ingredient in recovery
because they offset chemical
imbalances in neurotransmitters.
Unfortunately, only about 50-60
percent of patients respond to
their first medication, and some
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individuals are unable to find
any
effective
antidepressants.
For this reason, psychiatrists are
investigating other means of
helping anxiety and depression,
one of which is meditation. In
2017, a team of researchers at
the University of Pennsylvania
found that meditation is helpful in
treating major depression when
antidepressants are ineffective4.
They gathered a group of people
who had tried at least two
antidepressants without adequate
response, and taught half of them
a breathing-based meditation.
Those that meditated had smaller
depression scores, while those who
did not showed no improvement.
Importantly, the introduction of the
meditation had a high completion
rate, and participants seemed
genuinely interested in trying the
new technique, which was vital to
its success4.
In addition to aiding in
the recovery of major depression,
meditation can reduce loneliness5.
Loneliness is a predictor of
morbidity, mortality, cardiovascular
disease, and Alzheimer’s disease in
older adults. Despite the fact that
meditation is largely an individual
activity, loneliness scores in elderly
adults decreased with the addition of Mindfulness-Based Stress
Reduction meditation, which is a
standard meditation technique
that was implemented by psychologists in the 1970s. Remarkably,
meditation also changed the immune response in these elderly adults;
there were fewer inflammation
markers in their blood samples
compared to elderly adults who
did not engage in meditation5.
Evidence suggests that loneliness
activates an inflammatory response
in the body, which could be due to
the social stress induced by feeling
alone. Thus meditation can have
a positive effect on your physical
health in addition to mental health.
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Meditation Every
Day Keeps the
Doctor Away
How can meditation make
you less likely to fall ill? In addition
to the study above, a number
of recent studies have begun to
uncover evidence that meditation
increases immunity to illness. The
immune system is an incredibly
complex defense system against
viruses and sickness, but it is also
highly subject to stress-induced
changes. You may have noticed
that at highly stressful times of
year, you are more likely to get sick,
and research on the link between
stress and the immune system has
exploded since the 1980s. One
way that we can look at alterations
in immune response is to measure
changes in gene expression, or how
much a gene is being used as a
template to make materials for the
body. Genes can be turned on and
off, or transcribed, in varying levels
depending on the necessities of
the system. This adaptability is vital
to saving energy and resources.
Our moment-to-moment experiences and bodily needs alter gene
expression
rapidly.
Therefore,
any action we engage in has the
potential to change the amount of
gene transcription taking place. In
experienced meditators, levels of
gene expression indicate an overall
increase in the production of
compounds associated with energy

and metabolism by the end of a
twenty-minute meditation6. They
also had decreased production of
compounds that cause apoptosis,
or programmed cell death.
Meditation’s ability to alter
immune function likely has to do
with the link between stress and
inflammation. When the body
senses a potentially dangerous
stimulus, it responds by producing a short-term inflammatory
response, but long-term stress
can lead to many detrimental
health problems. For example,
chronic stress can cause thinning
of grey matter (the region of your
brain where neurons connect) as
well as major inflammation at the
cellular level. Prolonged cellular
inflammation is a predictor of
cancer, asthma, neurodegenerative
disease, cardiovascular disease,
arthritis, and psychiatric disorders
such as depression and posttraumatic stress disorder (PTSD)6.
Unfortunately, prolonged stress
also diminishes the production
of antibodies that fight infection,
leaving you more at risk to fall
ill6. Thus, meditation’s ability to
relax the body reduces stress, and
therefore reduces the demands
on the immune system. Of course,
it is possible that those prone
to meditation are more likely to
attend to their overall health, and
therefore their immune systems
could be improved due to other
factors of a healthy lifestyle.
However,
even
shortterm meditation has the ability

Meditation Anecdote:
Slowed respiration rate increases with meditation practice. The change
in respiration rate between the beginning and six minutes into meditation can predict how many years someone has practiced meditation [6].

Tip:

Try taking as deep and slow a breath as possible, then relax as you
exhale. This stimulates the parasympathetic nervous system, which facilitates relaxation.
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A map showing regions that were significantly thicker in long-term meditators [8]. This
indicates that there are more connections here compared to the average person.

to increase immune function.
In a recent study, participants
were vaccinated with influenza,
and blood samples allowed the
researchers to count the number
of antibodies that formed in
response7. Half of the participants
were taught meditation, lead in
an hourly practice every day, and
given a three hour-class every week.
The participants who meditated
had significantly more antibodies,
indicating that meditation either
increased immune function, or sped
up the process of forming defenses
against the vaccine7. Together,
these long-term and short-term
studies provide evidence that
meditation can be beneficial to
your immune system.

As a (grey) Matter of
Fact, Meditation Changes
your Anatomy

When most people picture a
brain, they are actually only picturing
the outer, highly convoluted layer,
called the cortex. The cortex allows

us to adapt to situations in unique
ways beyond automatic reflexes
and responses. As we age, the
cortex decreases in thickness—
our brains shrink (sorry). While this
is a natural effect of aging, recent
evidence suggests that meditation
helps mitigate age-related cortical
thinning. Experienced meditators

meditation, focusing on the internal
state of the body is one of the key
ways of distracting you from your
own thoughts. So it makes sense
that the anterior insula would grow
in response to increased use —
just as with the London taxi driver
example, the more you engage part
of your brain, the more synapses
form there, leading to observable
changes in thickness over time.
In addition to changes
in thickness, the brain adapts by
altering
connectivity
between
regions that specialize in specific
tasks. One such region is the
“Default Mode Network”, which
is a web of brain regions that
activate when we think about
ourselves. When we aren’t focusing
on a specific task, our thoughts
almost always turn to ourselves
—our past, or thoughts about the
future. The automatic setting of
our brain is a bit narcissistic, and
quieting these thoughts can prove
difficult. Practiced meditators have
increased connectivity between
the default mode network and
the anterior insula, a region that is
known to activate during present
moment awareness and sensation
of internal states9.
The right

Meditation Tip:
Clearing your mind can seem incredibly difficult because of “mind
wandering”. When you notice a thought cross your mind, it is easy to
become frustrated. Mind wandering is natural; let go of the thought and
don’t become frustrated when thoughts arise. Picturing a leaf floating
down a river can be a helpful means of being at peace with wandering
thoughts during meditation.
did not demonstrate age-related
cortical thinning in the frontal
cortex compared to average
adults around the same age8.
Interestingly, the meditators also
had increased cortical thickness in
the right anterior insula, which is
associated with interoception, or a
sense of the body’s internal state8.
If you think back to the guided

anterior insula is also important
in switching attention from mind
wandering to a state of focus9. The
anterior insula could therefore help
quiet the default mode network by
focusing on the present moment,
maintaining attention, and sensing
the body.
Increased
connectivity
between the anterior insula and
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Parts of the Brain Involved in Meditation
Prefrontal Cortex – a logical brain region that creates plans and directs actions, part of the Default Mode Network
Anterior cingulate cortex – integrates plans with feelings, part of the Default Mode Network
Insula – senses internal body sensations and promotes empathy
Limbic System – involved in emotion and desires

Illustrated by Samantha Montoya

the default mode network may
be a means of inhibiting our selfabsorbed tendencies. So we
would expect to see decreased
activity in regions of the Default
Mode Network during meditation.
A number of studies have found
exactly that. Long-term meditators
have smaller activation in the Default Mode Network10. Interestingly,
this finding isn’t limited to the act
of meditation; the experienced
meditators had decreased default
mode network activation at rest,
or when specifically told not to
meditate10. This suggests that
engaging in meditation can help
quiet worrisome thoughts about
the self, even when not actively
practicing meditation!
Meditation experience is
also linked to decreased connectivity to primary regions of the
Default Mode Network such as
the anterior cingulate cortex,
which integrates emotional and
rational regions of the brain10. The
meditators had greater connectivity
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to the orbitofrontal cortex as well,
which is a region known to deal
with body awareness10. In summary,
increased meditation experience is
correlated with greater connections
to regions of the brain that
control attention and decreased
connections to the self-centered
areas of the brain.
While meditation makes
changes to the anatomy of the
brain, what actually happens during
meditation has a huge influence
on the current state of mind, and
can induce long-lasting anatomical
changes.
During
meditation,
Buddhist monks have heightened
activity in the frontal areas,
which are largely connected with
attention and logic11. Brainwave
recordings show that there is

specifically more activity on the
left hemisphere, which correlates
with feelings of positivity7. It is
thought that training the frontal
left hemisphere to be more active
could allow meditators to recover
from negative experiences more
quickly7.

Neurochemistry

Keeping an “Ion” Your
Inner Self
The balance of neurotransmitters and other chemicals in
the brain has a profound affect on
our behavior and our experiences.
This is why medication that alters
neurotransmitter levels is one of the

Meditation Tip:
Quieting verbal thoughts can also be achieved by distracting verbal regions
of the brain. This may be the reason that mantras are a common meditation
technique. Try choosing a short, positive phrase and repeating it to yourself
internally.
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primary means of treating disorders.
Our actions can also have an affect
on how neurotransmitters are
released. Meditation has an effect
on both increased and decreased
brain activity through chemicals
that excite and inhibit signals from
one neuron to the next.
One of the inhibitory
neurotransmitters
affected
by
meditation is called GABA. GABA
almost always decreases the
chances that a neuron will fire and
it therefore has the ability to quiet
certain brain regions and functions.
Overall, meditators have greater
brain inhibition due to GABA
compared
to
non-meditators
across all brain regions12. This is
particularly interesting because
increased GABA inhibition is known
to help regulate emotions and
increase cognitive performance12.
Meditation
also
alters
neurotransmitters that tend to
be excitatory, such as serotonin.
Serotonin levels are linked to
mood, sleep, and hunger, with
increased
serotonin
generally
contributing to positive affect. For
this reason, most antidepressants
increase serotonin to elevate
mood. These alterations that result
from meditation in serotonin don’t
require years of meditation practice
either — a recent study on school
students showed that introducing
meditation reduced stress and
increased serotonin13. The students
collected urine samples throughout
the day during for a week (this
seems less fun to participate in than
the vacation study, but *spoiler
alert*—meditation
decreased
stress), which were used to measure
the levels of chemical markers of
stress13. 5HIAA, a precursor for
serotonin, was elevated in the
students who meditated13. The
compound reflects the amount of
serotonin that is being produced
by the body13. As expected, stress
and depression were lower in the
students engaged in meditation13.

Another neurotransmitter
that plays a role in meditation
is dopamine. Dopamine has a
variety of functions in the brain,
including the feeling of reward
as well as controlling our body
movements. The brain region
where dopamine is released
determines which of these roles is
enacted. For example, dopamine
in a region called the basal ganglia
deals with voluntary movement.
Individuals with Parkinson’s have
too little dopaminergic activation
in the amygdala, while too much
dopamine release in this region
can cause involuntary movements
as seen in Tourette’s syndrome.
Interestingly, meditation increased
dopamine release by 65% in the
ventral striatum, which is thought
to result in reduced readiness for
action14. Thus, meditation may
relax the body through the release
of dopamine14. The ventral striatum
also receives information from
emotional brain centers, and is vital
to the reward system, which could
explain the feeling of positivity and
joy that come from meditation14.

Going Forward
As research of meditation
progresses, there are a number
of questions that still need to
be addressed. First of all, in
many meditation studies, trained
meditation
practitioners
are

compared to a group of controls.
The differences between the brains
and behaviors of these individuals
could be due to meditation, or the
brain differences may have made
these people more likely to pursue
meditation. For these reasons, it is
difficult to tease apart the benefits
of meditation from a general
mindset that could draw certain
people to meditation more than
others. Additionally, it is difficult
to include a “placebo” effect in
these studies—the participants
knew whether or not they were
meditating, which could have
factored into the results.
Nonetheless, these studies
show that there are numerous
benefits
from
engaging
in
meditation. The attention required
to suppress self-centered thoughts
and focus on inner-body-awareness
can help us learn how to decrease
worry in daily life. Meditation
helps us take time out of the day
to focus on the present moment,
relax the body, and recharge.
The active process of relaxing
helps decrease stress, which has
a plethora of benefits including
increased immunity, improving
mood,
decreased
loneliness,
and recovering from negative
experience. So the next time you
are feeling stressed, try one of
these meditation techniques, and
remember that you have the power
to change your brain for the better!

By “johnhain” on pixabay
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